The chemical composition of fresh flowers from Allium ursinum (ramsons, bear's garlic, wild garlic) growing in Bulgaria has been studied. Thymidine (1), adenosine (2) (6) were isolated from the n-butanol extract and identified by different spectroscopic and spectrometric methods. Thymine (7), uridine (8), uracil (9) and 5-chloro-uridine (10) were detected in the same extract by GC-MS. This is the first report of the occurrence of 1, 2, 4, 7 -10 in the flowers of A. ursinum. GC-MS of the volatile components of fresh flowers and leaves from the same plant revealed a high content of sulfur compounds, some of which are reported for the first time for A. ursinum. The antimicrobial activities of extracts from fresh flowers and leaves of A. ursinum have been tested; some extracts exhibited moderate antifungal properties.
In continuation of our studies on the chemistry and biological activity of plants in the family Alliaceae [2a-2c] , we report herein the results from our study on the chemical composition and antimicrobial properties of fresh flowers and leaves of A. ursinum of Bulgarian origin. From the n-butanol extract, using different chromatographic techniques, thymidine (1) [3a] , adenosine (2) [3a,3b] and the flavonoid glucosides astragalin (kaempferol-3-O-β-D-glucopyranoside (3), [4a] , kaempferol-3-O-β-D-glucopyranosyl-7-Oβ-D-glucopyranoside (4) [4b], kaempferol-3-O-β-Dneohesperoside (5) [4c] and kaempferol-3-O-β-Dneohesperoside-7-O-β-D-glucopyranoside (6) [4c,4d] were isolated and identified by spectroscopic examination and comparison with published data. Kaempferol-3-O-β-D-glucopyranosyl-7-O-β-Dglucopyranoside (4) was found for the first time in the flowers of A. ursinum, although it was recently reported in the leaves [4e] . Thymine (7) , uridine (8), uracil (9) and 5-chloro-uridine (10) were detected as silylated derivatives by GC/MS analysis in a fraction of the n-butanol extract. This is the first report for their occurrence in the flowers of A. ursinum.
The chemistry of garlic is complex, with over 100 different compounds that contribute to its effects [5] . The most important and unique feature is its high content of organosulfur substances. Sulfur is a major nutrient for all organisms. Plant species have a high biodiversity in uptake, metabolism and accumulation of sulfur. Depending on the Allium species, and under different conditions, thiosulfinates can decompose to form additional sulfur constituents, including diallyl, methyl allyl and diethyl mono-, di-, tri-, tetra-, pentaand hexasulfides, the vinyldithiins and (E)-and (Z)-ajoene [6a] .
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Volatile components of fresh flowers and leaves from the same plant have been investigated by GC/MS (Table 1) . Oxygenated compounds made up 1.6% (flowers) and 4.6% (leaves) of the total volatiles in both parts. These include 3-hydroxy-2-butanone and 1-decenal in the flowers, and 2-hexenal, 2-hexenol, 1-tetradecanal, 1-hexadecanal, 1-octadecenol, phytol and phytol isomer in the leaves. Table 1 , the total amount of organosulfur compounds ranged between 68.7% and 52.1%, being higher in the flowers. The most abundant volatile in the flowers was (E) methyl-2propenyl disulfide (11.1%), followed by methyl-2propenyl trisulfide (10.6%), dimethyl trisulfide (9.7%), 3,4-dihydro-3-vinyl-1,2-dithiine (6.0%) and 2-vinyl-4H-1,3-dithiine (5.0%).
As shown in
The most abundant volatile in the leaves was methyl-2-propenyl trisulfide (7.1%), followed by di-2-propenyl disulfide (6.0% [5,6c,7] .
Among the 17 and 18 sulfur compounds identified in the flowers and leaves of A. ursinum, respectively, 2propen-thiol, propylene sulfide, 2-vinyl-1,3-dithiine, 3,4-dihydro-3-vinyl-1,2-dithiine and di-2-propyl trisulfide were detected in A. ursinum for the first time.
Organosulfur compounds present in Allium vegetables are considered to be responsible for the beneficial effects of these herbs. These include antimicrobial, antithrombotic, antitumor, hypolipidaemic, antiarthritic and hypoglycemic activities [8a] .
The antibacterial and antifungal activities of acetone, chloroform, ethyl acetate, n-butanol and water extracts of fresh flowers and leaves of A. ursinum were tested ( 
Extraction and isolation:
The fresh flowers of A. ursinum (4.0 kg) were extracted three times with methanol at room temperature, yielding, after concentration, 294.0 g methanol extract that was re-suspended in a mixture of methanol/water (3:1). This suspension was successively extracted with chloroform (3 x 200 mL) and n-butanol (3 x 200 mL) to give the corresponding chloroform (14.8 g) and nbutanol (75.9 g) extracts. The n-butanol extract (50.0 g) was subjected to liquid vacuum chromatography eluting with CHCl 3 : MeOH: H 2 O (6:1:0.1 to 1:1:0.1) to give 13 fractions (F1 -F13). Fraction F5 (980.0 mg) was purified by silica gel CC eluting with CHCl 3 : MeOH: H 2 O (6:1:0.1 to 2:1 0.1) to give four sub-fractions (S1 -S5). From S2 (83.5 mg), by preparative normal phase silica TLC (CHCl 3 : MeOH: H 2 O/6:1:0.1), thymidine (1, 13.6 mg) and adenosine (2, 5.3 mg) were obtained. From S4 (44.4 mg), using preparative TLC (CHCl 3 : MeOH: H 2 O/6:1:0.1), astragalin (3, 26.6 mg) was obtained. Fraction F11 (920.0 mg) was subjected to RP8 LPLC eluting with Gas chromatographic -mass spectrometric analysis: About 10.0 mg from S2 were dissolved in 60 µL dry pyridine, to which 35 µL N,Obis(trimethylsillyl) acetamide was added and the mixture heated at 80°C for 40 min in a screw-cap vial. The sample was investigated by analytical GC/MS on a Hewlett Packard Gas Chromatograph 6890 equipped with a Hewlett Packard MS 5973 detector. A HP5-MS capillary column (30 m x 0.25 μm film thickness, Agilent Technologies, Wilmington, Delaware, USA) was used. The temperature was programmed from 40°C to 280°C at a rate of 6°C/min. Helium was used as carrier gas at 9 mL/min. The ion source was set at 250°C and the ionization voltage was 70 eV. Thymine (7), uridine (8), uracil (9) , and 5-chloro-uridine (10) were identified as silylated derivatives using computer searches in the two HP Mass spectral Libraries NIST05 and Wiley 275 (Hewlett -Packard, Palo, Alto, California, USA).
Volatile oil isolation:
The samples from fresh leaves (20.0 g) and flowers (36.0 g) were collected in flasks with diethyl ether in order to preserve the organosulfur compounds and were subjected to hydrodistillation using a Clevenger apparatus to yield the volatile oils: leaves -3.97 mg (0.019% fresh wt.); flowers -6.77 mg (0.018% fresh wt.). The results are presented in Table 1 .
Antimicrobial activity:
In order to preserve the organosulfur compounds the fresh flowers (1.33 kg) and leaves (1.49 kg) of A. ursinum were collected in flasks with acetone, because of its unique properties of being miscible with water and able to extract at one time compounds with different polarity, both less and high polar metabolites. The organic acetone extract was taken to dryness under vacuum to give 1062 Natural Product Communications Vol. 4 (8) 2009 Ivanova et al.
acetone extracts of flowers (63.7 g) and leaves (44.4 g), respectively. These extracts were suspended in water. The water phase was partitioned consecutively with chloroform, ethyl acetate, and n-butanol to give the corresponding chloroform (3.42 g from flowers, 6.29 g from leaves), ethyl acetate (0.38 g from flowers, 0.11 g from leaves), n-butanol (2.33 g from flowers, 6.15 g from leaves) and water (50.0 g, from flowers, 35.2 g from leaves) extracts. The extracts were immediately tested in case the organosulfur compounds decomposed.
Staphylococcus aureus 209 and Candida albicans 562 were obtained from the Bulgarian Type Culture Collection, Institute of State Control of Drugs, Sofia, and Escherichia coli WF + from the Collection of ZIMET (Central Institute for Microbiology and Experimental Therapy, Jena). These microorganisms were tested using a modified diffusion method.
According to Kujumgiev et al. [8b] the modification has the advantages of elimination of the solvent effect, because the solvent is evaporated before the test. The agar cup method for antifungal activity was applied [9] .
For each test, 0.5 mg of the extracts was used. The antibacterial activity was measured by the diameter of the inhibitory zones in the soft agar layer after 72 h incubation at 37°C. An inhibitory zone with diameter less than 5 mm indicated lack of activity. The minimal inhibitory concentration (MIC) was measured.
